Abstract. The chemical interactions between the kerosene compounds and the stainless steel structure of the tubular components, through which kerosene is transported, develop a degradation phenomenon, causing intergranular contamination from the surface to the inner part (process based also on mass transport, i.e. diffusion at low temperatures). This is the most dangerous effect of chemical contamination, affecting the active section of the tubular components, which can reach a critical section, leading to catastrophic consequences in the operation of a jet engine. Metallographic analysis of the tubular components of such a jet engine, manufactured from stainless steel 12H18N10T, through which kerosene has been transported, come to confirm the intergranular contamination.
Introduction
Fuel system components of turbo engines, as well as lubricating oil systems are subjected to repeated thermal shocks, which hampers their performance and operating time.
Pressure increasing in the fuel system (65 .... 90 bar) leads to temperature increase, which favors improvement of combustion efficiency. Also, the temperature of the flue gas increases, temperature restricted by conditions for the safe operation of gas turbines. Cooled gas temperature should not exceed 1198 o C at turbine entry and 730 o C at the turbine output, not to damage the blades. Also, the oil temperature must not exceed 150 o C [1] [2] . Maintaining the temperature of lubricating oil and flue gas temperature below the maximum permitted levels is achieved using heat exchangers that use kerosene as coolant [3] .
In conditions of high temperature and pressure, kerosene becomes a supercritical fluidis neither gas nor liquid -but has properties of both aggregation states [4] . This kerosene property ensures improved performance of engines, but also produces kerosene oxidation, thermal decomposition (pyrolysis) and the deposits formation [5] , processes strongly influenced by temperature, pressure, fuel composition and surface support [6] . The formation of deposits on the fuel system components is inevitable and can have catastrophic consequences [7] . Therefore, the study of the mechanisms that lead to the "generation" and evolution of deposition is very important.
In this paper, such a mechanism, specifically, intergranular contamination is confirmed by metallographic analysis of the tubular components of such a jet engine, manufactured from stainless steel 12H18N10T, through which kerosene has been transported. The originality of this research consists in the fact that the samples were collected from a jet engine and the pipes have been used in real conditions, while in literature we can find information based on laboratory operating conditions.
Experimental procedures and results

Samples
The analyzed pipes have been collected from the fuel system of a jet engine. They were used for transporting TS-1 jet fuel at high pressure (maximum 64 bar) and different temperatures (minimum -60 °C and maximum 150 °C). The pipes are made from 12H18N10T austenitic stainless steel with the external diameter of 16 mm. On the inner surface of the pipes we could observe carbon depositions and we prepared two types of samples: as received and ultrasonically cleaned in distilled water in order to detach the deposited layer for further analysis.
Metallographic analysis
The microstructure of the samples has been analyzed in cross section and longitudinal section by optical microscopy after metallographic preparation and etching in 10 % oxalic acid. In cross section we could observe minor surface defects (pits), as seen in Figure 1 . 
3D and 2D surface characterization
The cylindrical geometry of the samples, the non-uniform and dark color of the depositions did not allow us to perform any exact quantitative measurements.
This required the use of focus-variation microscopy techniques, so we characterized the surfaces with an Alicona Infinite Focus G4 microscope and used its IF-Measure Suite 5.1 software for image processing. Figure 3 illustrates the 3D image of the carbon deposition on the steel surface and the defects emerging to the surface. Fig. 3 . 3D image of the carbon deposition on the surface of the steel At higher magnification we detected surface defects such as corrosion pits. After extracting the surface profile along a linear defect (that is parallel to the direction of the fluid flow) we could measure the depth of the defect. It can be seen (Figure 4 ) that the depth of the defect in the analyzed area is about 3 μm. Figure 5 it can be seen that two types of interfaces were formed: an interface between the steel and the deposition and another interface between the deposition and the transported fluid. The first one represents a contaminated layer (containing corrosion products), anchored in the microstructure of the steel and the second represents a deposited layer.
The interaction between kerosene components and steel is causing changes in the chemical composition also [8, 9] and it is directly correlated with the effects on the mechanical and physical properties. For example, penetration of sulfur into the steel surface, through the grain boundaries is a process that increases the dislocations density (the result of steel embrittlement) and is amplified by the chemical interaction leading to brittle fracture.
Conclusions
Our metallographic analysis of the tubular components of such a jet engine, manufactured from stainless steel 12H18N10T, through which kerosene has been transported, come to confirm the intergranular contamination. This is the most dangerous effect of chemical contamination, affecting the active section of the tubular components, which can reach a critical section, leading to catastrophic consequences in the operation of a jet engine. We note that a similar effect occurs in the controlled release of drugs by diffusion complex at low temperatures (critical, subcritical and supercritical) [10] [11] [12] [13] and plasma discharge [14] [15] [16] .
